Abstract. Y2O3 supported photocatalysts MOx (M=Fe, Ti and Bi)/Y2O3 were synthesized by hydrothermal and deposition-precipitation method and used in photocatalytic degradation of xylenol orange and rhodamine B under UV light irradiation. The crystalline structure and optical properties were well characterized by XRD and UV-vis DRS. The results of XRD revealed that the MOx/Y2O3 were composed of Fe2O3, TiO2, Bi0.8Y1.2O3 and Y2O3. The UV-vis DRS showed that MOx/Y2O3 photocatalysts exhibited stronger absorption in ultraviolet, and the absorption edge shifted to visible light region significantly. The photocatalytic experiments indicated that MOx/Y2O3 photocatalysts showed better activity for photodegradation of xylenol orange than rhodamine B. Moreover, the role of Y2O3 and the mechanism of photocatalysis is proposed.
Introduction
Rare earth (RE) elements are extensively exploited in metallurgical machinery, petroleum chemical industry, glass-ceramics, agriculture and functional materials due to their unique optical, electrical, magnetic and catalytic properties. However, the imbalance exploitation of RE elements severely restricted the development of RE industry, especially the overcapacity of light RE elements Ce, La and Y, so it is very important to tackle the application of light RE elements. Light RE elements as catalysts or catalytic components has been widely applied in petroleum chemical industry, catalytic combustion of fossil fuels, automotive emissions control, the purification of industrial waste air, and solid solution fuel cells [1] and showed excellent performance, that was ascribed to be one of the most effective way of application and foreground.
Photocatalysis is a promising technology for solving energy and environmental issues. In most of rare earth oxides, CeO 2 has been successfully used as photocatalysts to degrade sewage and pollutants because of its strong redox properties of Ce 3+ /Ce 4+ and the formation of oxygen vacancies [2, 3] . While La and Y only acted as dopant in photocatalysts, such as La/Y doped TiO 2 [4] [5] [6] , Y 2 O 3 -ZnO [7] , Y doped graphene oxide [8] and La 2 O 3 -Bi 2 O 3 [9] , had been synthesized to photocatalytic degradation of dye wastewater. The major role of RE ions in doped photocatalysts is supposed to enhance electron-hole pairs separation, improve optical absorption properties, modify adsorption capacity of dye and increase surface concentration of adsorbed OH group [10] [11] [12] [13] . Nonetheless, the mechanism and active species of Y doped photocatalysts has not been thoroughly studied.
In this work, Y 2 O 3 supported photocatalysts were synthesized via hydrothermal and depositionprecipitation method. XRD and UV-vis diffuse reflectance spectra were carried out to characterize the crystalline structure and optical property. The photocatalytic activity was tested by degradation of xylenol orange (XO) and rhodamine B (RhB) aqueous solutions under UV light irradiation. The photocatalytic mechanism is proposed based on the band potential analysis and active species trapping experiment.
Experimental

Catalyst preparation
All chemical reagents were of analytical grade and used without further purification. MO x /Y 2 O 3 supported photocatalysts were synthesized by two-step (hydrothermal and deposition-precipitation) process. Firstly, Y 2 O 3 support was prepared as follows: 2 mmol Y(NO 3 ) 3 ·6H 2 O was dissolved in 20 mL of deionized water, and then 60 mL KOH aqueous solution (5 mol/L) was added into the solution to form white precipitation. After being magnetically stirred for 1 h, the mixture was transferred into a 100 mL Teflon-lined autoclave which was subsequently heated at 180 o C for 12 h. After cooling down to room temperature, the solid products were filtered, washed with deionized water, dried at 60 
Characterization
Powder X-ray diffraction profiles were performed on Bruker D8 ADVANCE diffractometer at a scanning rate of 5 o /min in the 2θ range from 20 o to 80 o , with Cu Kα radiation (λ=1.5406 Å) at 40 kV and 40 mA. Diffuse reflectance spectra (DRS) were carried out on Agilent Cary 100 UV-vis spectrophotometer in the range of 200-800 nm using BaSO 4 as reference.
Photocatalytic activity
The photocatalytic activity of all samples was evaluated toward photodegradation of xylenol orange (XO) and rhodamine B (RhB) aqueous solutions under UV light irradiation (8 W, λ=365 nm). In details, 100 mL suspension containing 0.2 g/L of catalyst and 20 mg/L of XO or RhB was sonicated for 5 min, magnetically stirred in dark for 1 h to ensure an adsorption-desorption equilibrium, and then irradiated under UV light. Simultaneously, at given intervals, small aliquots of suspension were sampled and centrifuged to remove catalysts. The XO or RhB concentrations in filtrates were analyzed on UV-vis spectrophotometer (Analytik Jena, SPECORD 50) in the range of 200-700 nm using H 2 O as reference. (Fig.1b and c) , the support YO 3 is indexed to cubic structure of Y 2 O 3 (PDF 89-5592), its diffraction peak shape is irrelevant to loaded metals (Fe or Ti), and the second components can be indexed to hematite α-Fe 2 O 3 (PDF 89-2810) and anatase TiO 2 (PDF 89-4921), respectively. possessed strongest absorption in UV range indicating more active species (·OH) produced on the surface of sample [7] .
The band gaps (E g ) of MO x /Y 2 O 3 composites were calculated from following equation [14] :
, where α, v, E g and A are the absorption coefficient, light frequency, band gap, and a constant, respectively; n depends on the characteristics of transition in a semiconductor, n is 4 for direct band gap and 1 for indirect band gap. Y 2 O 3 is indirect band gap, so n is equal to 1 [15] . Fig.2b shows the plot of (αhv) 2 Whereas for photodegradation of RhB, the photodegradation rate of three samples increased very slowly in 60 min, then raised approximately linearly in the last 30 min, and Bi 2 O 3 /Y 2 O 3 sample performed the highest activity within 90 min. Nevertheless, all of three samples showed very low activity for photodegradation of RhB compared to photodegradation of XO, this was seen obviously in Fig.3c . The activity difference between XO and RhB might be derived from their molecular structure difference. From inset of Fig.3a and b, XO with four carboxylmethyl groups are more apt to be adsorbed on alkaline surface and subsequently photodegraded by photocatalysts than RhB that has only one carboxyl group. Further, the anion Cl -in RhB is detrimental to photodegradation reaction owing to scavenging of active sites [17] .
Postulated mechanism
To illustrate the photocatalytic mechanism of MO x /Y 2 O 3 and explain the origin of active species, the role of Y 2 O 3 was analyzed. Y 2 O 3 , as a basic oxide, is abundant with surface hydroxyl and adsorbed oxygen [18] , and that facilitates the photocatalytic oxidation of dye. On the other hand, coupling of band gaps between Y 2 O 3 and MO x should be taken into account.
CBNCM 2016 20 The relative positons of valence band (VB) and conduction band (CB) edges was calculated as following [19, 20] : E CB = χ -E e -0.5·E g and E VB = E CB + E g , where E CB and E VB are the CB and VB edge potential, χ is the absolute electronegativity, E e is the energy of free electrons at the hydrogen scale (about 4.5 eV), E g is the band gap. The calculated E VB and E CB were listed in Table 1 . 
There are many works explored the photocatalytic active species on various photocatalysts. Chen [21] reported that ·OH was the main active species for RhB degradation on flower-like Bi 2 O 2 CO 3 , while Peng [22] suggested that h + and ·O 2-are the main active species in RhB photodecomposition under solar light irradiation on WO 3 -Bi 2 WO 6 . In order to discriminate the active species in this work, the trapping experiments were carried out as before mentioned. Fig.4 
Conclusions
In summary, MO x (M=Fe, Ti and Bi)/Y 2 O 3 supported photocatalysts have been successfully synthesized by hydrothermal and deposition-precipitation method. They exhibited stronger absorption in ultraviolet, the absorption edge shifted to visible light region significantly, and E g was largely reduced with respect to pure Y 2 
